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1 

[#fFIS#tf)$Bffi] 

0***1] K«*»*fc»&;tfXfc««U ISfiT 

Tv WEAy7 7JH<Z>-«a^ GaiAl.-iN (fib 
XteO<X^lco8BffiT££) WxSn«^i:S»»t 

IffiXm 2 ] *«©±fc* -j&j&tfG ax A 1 1 - 1 N 
({HbXteO<X^l<PS8BT&&o ) TjRSnS/t* 

[RM3] ftft*U^A*ft«Hr¥a»»flE>±K, - 
BStfGaiA li-xN ({&bX«0<X^lco^ffiT^ 

£*±> 0. 5 ^mOTT^^ . t^ttt^f ^ 1 
[0 0 0 13 

[I*±C«ffl»W MSIJ*77-f T^Olfii 
[0 0 0 2] 

[«*©ttn«uf*owijBjia Sifi, wwy**** 

— «*3W [GaiAli-xN (ffi 

a&*«*1i-S*tti:bT* *«teJRfc'&W»ftJ*«S 
(KTMOCVDfttH5. ) #t£<M6ftT»S. - 

#^tbTW«^JRft-&«»x&««b, *£jgj$@iBj£ 
9 OOt-110 0\;©BiTflB»l/T, S« 

*ttT*«. MAtfGaNXfc!**->*;Wl&J«ft3tt 
*»frlCl& III**XtbThU^^;P^U^A^ V 

[00033 c©i3tcbTj«*a-ti-fc»fc^;u^A* 

[0 0 0 4] MOCVD^^ViTitVy-f 7S 

«±Ktt«j5Rft^nfc. «A«GaNi©«Wi. 



(2) W4-2 9 7 0 2 3 

2 

[0 0 0 5] u^i^^S^nfc^l:, 

£ {Appl.Phys.Lett 48, (1986) , 353, (7:/^f F V 
l/^-X4 8t, 1 9 8 6^ 3 53 
&±zmmW'2 - 2 2 9 4 7 6 • :©Jft 

1(7 H ^77<7S«±^ ^MI4 0 0-9 0 0t:o 
HT, RJPtf 1 0 0 — 5 0 0 :*>^X h D — 2\<DA 1 

TST^A 1 N/i±rcGaNSr^3iiSClttC«J;-D 
T, G aN*i»#:e©ttatt^<fc^*l5^7*n^-S 

[0 0 0 6] 

[S^ftli^tt^aW b^btt#6*WB36r* 
tt, A'77rI^MMIl<»l$n, b*>t>SS 
/P£ 10 0-5 0 0 h D— A fc#«Kl»V>«fcffl 

*B«©1t7r'fTa6«, «Atf»5Omm0Oit7 7 

@38tT&*o U^ioT, "t<Drty7 7m<o±\zte&-? 

[0 0 0 7] #«qHBC©J;5tt***«*Xft*nfc 
30 fcCDT*?K *©B«£T*££5fcfcAy:7 7JB±fc:jfc 

[0 0 0 8] 

******** u ^A*ft^«¥«#©tta*j«ft* 

40 1*«;£ttT&-3T» SaE/1^77©©— SfttfG ai A 

1 i-i NT^£ft££££4#tfc<hT*t><2T&£<, <&b 
Xte0<X^.l ©*H»w*Srfeatl*. 

[0 0 0 9] ME/^^7 7Ji©JPatt0. 0 0 2 
±, 0. 5/imKT, S5fcff*l/<li0. 01-0. 

2 AimOffiHfciWrr*. -£©JP3>&*0. 0 2um<t0 
*<, 0. 5Mm£9JPV^ ;ty77§©±l: 

[0 0 1 03 *fcMffiyty^7H©feE«ia«tt2 0 0t 
50 12LL9 0 OICKT. #£b<:i*4 0 0-8 0 CCCBIBB 
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3 

[0 0 11] 

[flsffl] HH:GaiAli-iN (0<X^1) ft/ty7 
£*TWI5BI*5kU H2lCAlNS;ty77Btl/ 

i>fc«>, M^<;t777l^«k^M 

[0 0 12] tC^tA lNtny77- JBtUT*flS 

Solid Films. 163, (1988), 415 fcy-f > V U y H 7 
^;VAX 16 3t, 1 9 8 8^ 4 151) , &&Zt 
AppKPhys.Lett 48, (1986), 353 (T^7-f H 7^X>T 
y^X X 4 81, 1 9 8 6^, 3 5 31) * 

[0 0 13] (^6 0 0t) T^^tSA 1 N« 

fcfclcifo 1 0 0 Ot;K:arcia«£J:*f Ba*»#« 
icJMBSfcT*. «#fmc«l*ilteUfc«#a<. l 0 0 
0 a N&«fi$«RpK*tt©»t>fca»ft t*: 

*<Di«ft^6GaNlSi««*fiU fcGaN 
VttBMfttjMrcS*. A'y77»V^fl^77 

V> & G a N © Aftaotta**j«S LTLS^tVOrt* 

[0 0 14] *&W<D£5\ZGai A li-iN (0<X£ 
1) * /ty 7 7 1 1 bTMLfc«6S«*OA 1 N 
ftA^7 7JB^bfc»^tJt«-r*i:aTa>J:-5^* 

[0 0 15] 7 7@iLT, AttfX= 1 COG 

aN^Mn^^^St, GaNCIWittllO 

or-efco, AiNoBStinooms. -COfe 

06 0 0*CTGaNCOA , 777i^«t^^ Ay7 
7l«^S.©i^t5. *K:0*8»©GaN 
Ay 7 r/f O-blCG a NCDxE^->^Jg£J&&r& 
£££1 0 0 or£Tit&£Jitf*<i:, GaNO/ty7 
7JBtt«»»»C»«flftL, A 1 N*;iy77ltl/& 
GaNXb!^^>t^Bffl©«Sfttt 

[0 0 16] L#>fcA 1 N$A777itltKlfc 

<D lUL^fi^OTaa«Jb#bTV»«2:«K:*JilcJW 



(3) W4-2 9 7 0 2 3 

LTfcAy 7 7-® £ LT<B»*!WM*T#5. 

© A777l^GaN^T, *-©±KG aNOXtf 

****** *i*ft-r*»&, h— w»©±kih— «l» 

[0 0 17] »J:0C££l*l»*rs&«>, A 1 N, G a 
o.sAlo.aN, GaN©3aaOAy77ife6 0 0t 
T^niJ-77^7Si±l:Mb, ^-©JitCl 0 0 

rt:ii§£-<ZX G a NXlf tiHO^J^ ij 
Xmuy*>#ny*>#%--7<D¥.mi\l (FWMH: 
full width at half-maximum) 7~M<Dmi¥t 

[0 0 18] 03II^t < i:^l:GaN$n777ltt 
■CJ^lSbfc*^ £W1:y7 7H<DRW*BIB-Cl6att# 
£<, Gao.sA lo. 6 NI«0 + WIKtt«U, ±I2*« 

^ [0 0 19] 7aMR±lC»J*"r 
5GaN;ty77S©IW«^ 2 ibiZ*:<D±\zG a 

n x tr * * v * )vm <D&m omm & &-?m®Lmw-n m & 

H4j^eig7*-CWC, Ay77jfjP$te0. 0 
0 2 Mm, 0. 0 7 Mm, 0. 2 0 Mm, O/^rn (Ay 
77®IU 

[0 0 2 0] ^tl^OS^^Tfe^^^^JC, 7 

y77B£Wni8i©MfcU5^ ;ty77ift 

*. U^UAy7 7JB^JPT€fSt> ^Mtf>tfl& 

tl/V\*y77l^J?^^0. 0 1izm^f»O. 2/imCD 

[0 0 2 1] * fc*«W0«i«fi*8»: J:5 7 7 
Jfte, ^ 7 7 7M±fc*WT^ < U ^ 

^M£^#cDxtf^^->-v;i/fls^-r5@T»n«, £© 

®<D±td, pM^T^SMg^F-^nfcpSG 
40 aNOXt!^^^t^®§Mtt^ MfBn^G 
aNxe^*'>tJ^©±l:A , 777i$Ml, -eco 
Ay77i^±l:piGaNxt!^^yt^^^ 

[0 0 2 2] 

50 «F»*<o«Hic*^Ta*(0«S«linA*:it*<Tr# 



5 

[0023] iz^-r&m&m^Tmtxvo^&it 
® ft#sn&2>r >^*©if77< 7S«*iHz^ 

— 2 0±lCfH*3., 

(3) Hi^X«SJ6^X«»«4t, KJSWB 

1ft^2St-^3(:«fcoTl 0 6 orz^n 

W«4^S7> ; e=:7^tHi^lCinAT. TMG 
(h'J^^»'J9A) »X*2. 7X1 0- 6 ^EJl// 

it^So £ZlTlgtJP0. 0 2 iLmCDnyyrmtmf&V 

K*2f xisite 4 * & 7 - 7^x t h, #x i-fln*. 

T, TMG3?X£5. 4X10-' ^;k/#tf)tftfiT 6 
O^MUT, G aNXfcf^^-WHi^ 4. On 

2WJ^-lCttft**J«*-r5*^K» t-^7T5rpm 

^iCLWr-f 7SK±fc* KJPO. 02^m©Ga 
N/t^7T®, ^©±1:4 MmflDG a NX^*->t^ 

[0 0 2 4] Ufc«ft*9l] ®©;ty77)B^*m 
Sfc^T. A 1 N©Ay77i£0. 0 2MmCDMJP 



(4) W4-2 9 7 0 2 3 

15 

feo ^AlNAy7 7l^MTS^ ©fc*l»T. 
K*»X*»ff4^&7> i EX7*XtH2»X^JlP^ 
T, TMA lhV*9>)V7)VS — Vlx) $2. 7X10 

[0 0 2 5] jCM4c-MK«MTff^ 
££GaNXtf^*v^JW§<h, Jt&#J 1 Kcfc^G a N 

^n#*6* *©«MHteJ:«* **U7-«* *5i;r/f£ 
10 »SCE>Irt»*S*tHS» l39:fcJ;tfI3Jl 0 IC^T. 

[0 0 2 6] y>K-^©«g»&*ftUfe»-&tt^rirU 
78**1*3 <■ WB, ttfitt^A 

[0 0 2 7] *5BWm:*GaN«, ^'J7jtt^4 
x 1 0 1B /cm 3 * &ft£C 6 0 Ocm'/Y-sect^WlCfc^ 
fit^^-Te — AlN^y77Stlfc)t«Wl 
«, +tU7IS*UxiO l »/ciD J , ^<k^»«rS*« 
^ f^9 Ocm*/V-sec-e*o&. 

[0 0 2 8] [£ttM2] ®0Ay7 7®O*t5I 
gfc^T, Gao.6Alo. 6 N©A t 777l$0. 0 2 

y7TH©±fcGaNxlf^^^v;VS*JEi)cfibfc. fc 
*ny77it*l*t*I» E**^«W«43^67> 
qe~7#X<h, Hjtf^lCllDfcT, TMGS2. 7X1 

o- 5 ^/^ tma^2. 7xio- ,j e^/»wn 

[0 0 2 9] [S2£#J3] ©lC*ViT/ty7T— JBOJ* 

M**6ooT:fcu ®©^wihj*2. 5^ren 

SCAT, /Xy7 7Jla>|IU*«0. 0 5 ^mttSilt 
^SS^iJ 1 tHftfcLTGaNXW*^;H6«ftl/ 
7cc C^GaNX^^>'t^It)i®^7tD^ 

[0 0 3 0] [*1MH] ®&*l^T/ty 77-lO^ 
aNIt!^^ytM^l/fc. JLCEGaNXtf** 

[0 0 3 1] [%jiffl5] ®©/t-;77B€Mt5I 
SIC*^T, **E«2 tm*0*frTT, Gao.sAl 
• ,iN(D;ty77i*0. 0 2 jam<Z>«#TJBdcU ® 
50 IC*HT, EfctfXiflJf^^^^^tf^iHi 
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(5) 

7 

157.\Zj&7CT> TMA#*£2. 7X10" 5 ^/^ 
TMG#X£2. 7X 1 0- 5 ^/^oaStgT6 0#IW 
«#LT, Gao.$AlD. ( Nim->t;HS4, 0 

*7 7-f7i* Htr, BIJ90. 0 2//mCOGao.6Al 
o.fi N/ty7 7St, -?"C0±{C4 //m(DG ao.sA lo.s 
NXl£**5**;WB£flfc*31tifc. JlOGao.s A lo.s 

[0 0 3 2] [^$J0J6] (DtC^ViT, TV^XXtf if 
X, H 2 ^X. feitfTMGtfXfcflPAT. Cp2Mg 

G aNxtf^=^->v^t-P^cD^%-r^S 

7&tiL±\Z, m&0, 0 2/im(^GaN;^7r®, * 
CD±fc:Mg£ 1 O^/cm 3 F — 7 f UfciH4. 0 nm<D 

aNXtf^v'^Jl'Jf *>, ^©^^^-n^-l^^Jl 

fciwrao, ^uxsw^. oxio is /cd 3 , $ a? 

[0 0 3 3] [jgffiffi 7 ] 1 T^fc&JSU /zm(B 

GaNxe^ + ytiHoli:, **fi« 6 £ f*]*$tc b 
T* ^JPO. 0 2/xmO)GaNA f ^77i, -£-<£>±l;iM 
g$10 2 °/ciD 3 K-yL3tiJ?4. O//m0pl!Ga 
NXl^*->*Ji>Ji&jSg3ii-fc, rcDp^GaNXtT 

St), 4^'Jyigg3. 5 X 1 0 15 /cm 3 , f£t&^8. 
5cm 2 /V-sec£|pJU< pS»tt^Ufc. 

[0 0 3 4] [««09 8] <S>fc43V>T, 7> : t-7^ 
X> Hi#X* ^cfct/TMGtfXKlflD^-T, ->^> (S 

i HO #X£«ELfca*E>, GaNXfc!*=*'>*JWBfc: 
niOT»T^I>Si$H-7 / l/t, 4. OwmWi 

\Zs if 0. 0 2Mm«)GaNA , >;77i. -^co±Jr. 
S i 0 20 /cm 3 F— ^ L*tlgJH4 /imOnlG a 

NXbf**v*;Wf £j&S21*-fco COn^GaNXtf 40 

ifeO, ^t'J7i@Sl. 0 x 1 0 l9 /cm 8 t#^»cil5Vi 

[0 0 3 5] [it««2] A 1 N©ny77fi§0. 0 

^H^LT, if7 7-f7*S±l:»«UAlN/t5f 
7 7l©±f- 2 /zmODniG aNXtf^v'V 

;VJl£j£:&£i*-£:« ^©nlGaNXtf^^v'tM 
te, ^^'J7»^5. 0 x 1 018/cm 8 T*0, Jfctfc 



»BB¥4-2 9 7 0 2 3 

[0 0 3 6] 

H±RiBUJ:5i:, GaiAI-.-iN 
(0<X^ 1) =£^^77ll3ffit5: ttrio 

5£tC*5^T, &$J&6 0 0cm 2 /V* sect V>5teKk ^{b 

^t^Mg^K-yLfeGaNXtf^yfJH^ 

*&^y7 7l±l:«K*SS i SrF-^U 
Tcn^.GaNtK A 1 N&^yy y m £.V?Z*><D\Zlt& 
IT, ^fcSV^t'JTM^t. £ « 
^©AlNAy7 7l^T, ^HJCO/N'^^T^^ 

yrsom^totem^ *o±.\zf&&^z>&ik'ttW 

[13 2] WSfiEI^t:<k^x^^iryt^ 
x/N-o«BgS*-r«l«WBH. 
[^3] g a Nxt;^^y't;H^^;^ u 

[0 4] GaNXt!^+>'t;H^^©I^^t 
[0 5] GaNXt!^^>t;H^i©ii^t 

[06] g aNxtr*=*->wv»©efi©««&»-r 

[0 7] G aNXH^^pytJU^Mi^l- 

[0 8 ] \zfem \^iz&m<DW#w&&mm. 

[0 9] *^igtCi;^G a NraB©tf-;PWJ£tt*fc 
0 

[01 o] $&kmz&z>G aNt£Mk<D&— frmitfem 

-T0o 

i • • • sffessi 
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